patients with multivessel disease (MVD) include coronary artery bypass grafting (CABG) and percutaneous coronary intervention (PCI). Several large studies, such as the Coronary Artery Revascularization in Diabetes (CARDia) trial, [6] Fibromyalgia Relapse Evaluation and Efficacy for Durability of Meaningful Relief (FREEDOM) trial, [7] and SYNergy between Percutaneous Coronary Intervention with TAXus and Cardiac Surgery (SYNTAX) trial, [8] have reported that the rates of major adverse cardiovascular and cerebrovascular events (MACCEs) were significantly higher in DM patients with PCI than those in patients with CABG. However, all of these investigations were mostly focused on the white race in European and American countries, and limited data are available in Asian country, especially for young patients. More than 5000 CABG and 10,000 PCI were performed in Beijing Anzhen Hospital per year, and these surgeries have been expertly carried out since the 1990s. This study aimed to compare the in-hospital and long-term outcomes between CABG and PCI in DM patients aged 18-45 years in China.
Methods

Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board and Ethics committee of Beijing Anzhen Hospital. Informed written consent was obtained from all patients prior to their enrollment in this study.
Participants
Between January 2006 and March 2016, 517 consecutive DM patients undergoing CABG at Beijing Anzhen Hospital who were aged 18-45 years were enrolled in the study. During the same period, 1501 consecutive patients with DM undergoing PCI at Beijing Anzhen Hospital who were aged 18-45 years were also recruited. Using propensity score matching (PSM), 406 patients were matched from each group. Patients aged 18-45 years who were diagnosed with stable angina, unstable angina, silent ischemia, ST-elevation MI (STEMI) or non-STEMI, and underwent PCI or CABG were eligible for participation in the study. Medical records of patients were reviewed, and data on the preoperative and procedural variables as well as the immediate outcomes were collected. Then the patients, their relatives, and/or their physicians were contacted to obtain data on the late events, and patients' records were checked for any event of interest. Patients were excluded from the study if they had another coexisting condition, which was a contraindication to CABG or PCI. PCI procedures were performed according to the standard techniques. Considering the patient recruitment time frames, both sirolimus-eluting stents (SES) and paclitaxel-eluting stents were used predominantly. Patients received on-or off-pump CABG surgery using standard techniques.
Study end points
The primary end point of this study was long-term death. The secondary end points included long-term MACCEs, stroke, angina, MI, repeat revascularization and in-hospital death, cost and major complication such as stroke, multiorgan failure, reintubation, and renal failure. Follow-up information was obtained from visits or telephone/mail contacts with patients or family members, or from their local health-care providers. The medical records in outpatient clinics of those who reported any adverse events after discharge were reviewed for further confirmation. When any major adverse event was reported by another hospital, patients were requested to mail a copy of all relevant medical information.
Statistical analysis
For propensity-matched analysis, the matching criteria included demographics such as gender, age, and weight, and comorbidities known to be risk factors for surgical procedures such as left ventricular ejection fraction (LVEF), blood creatinine, hypertension, smoking status, and a history of congestive heart failure (CHF). Age, weight, LVEF, and blood creatinine were variables included as continuous variables. Sex, hypertension, smoking status, and history of CHF were variables included as categorical variables. First, logistic regression was used to develop a propensity score that reflects the probability of receiving the CABG procedure, conditional on the same covariates. Then, each patient in the PCI group was matched to that in the CABG group with an estimated logit within 0.2 standard deviations (SDs) of the selected patient undergoing PCI (one-to-one nearest neighbor matching).
Quantitative variables were expressed as mean ± SD and categorical variables as frequencies and percentages. Continuous variables with normal distribution were compared between the two groups by the paired t-test and continuous variables without normal distribution by the Wilcoxon rank-sum test. Categorical variables were compared between groups using the McNemar's test. All data were prospectively analyzed using the SPSS Statistics for Windows, version 19.0 (IBM, Chicago, Illinois, USA). A P < 0.05 was considered statistically significant.
results
The preoperative baseline characteristics, perioperative lesion variables, and postoperative complications between CABG and PCI groups before propensity score matching are summarized in Tables 1-3 , respectively. Compared with PCI group, CABG group was associated with significantly higher incidences of hypertension, previous MI, prior transient ischemic attack or stroke, heart failure, and carotid artery stenosis (all P < 0.01). Higher prevalences of smoking, previous PCI, and STEMI were noticed in patients who underwent PCI (all P < 0.01). The levels of blood glucose, creatine kinase-MB (CK-MB), and LVEF were also higher in PCI patients (all P < 0.01). The degree of coronary artery lesion including narrowed coronary artery number and left main stenosis was more serious in CABG patients (all P < 0.01). The percentage of CABG patients undergoing left internal mammary artery harvesting, total artery graft, and off-pump CABG was 93.6%, 5.4%, and 96.7%, respectively, and drug-eluting stent (DES) was used in 94.8% patients with PCI.
The unadjusted overall in-hospital mortality rate was found to be 1.2% in CABG patients and 0.1% in PCI patients, which was significantly different (P < 0.0001). CABG patients suffered more complications such as dialysis and atrial fibrillation, and their costs for recovery were much higher.
The mean follow-up time of the present study was 5.0 ± 3.0 years [ Table 4 ]. In the CABG group, the survival rates at 1 year, 5 years, and 10 years were 99.8%, 98.6%, and 97.3%, which were better than those of PCI group (98.7%, 96.1%, and 94.5%, all P < 0.01); freedom from MACCEs were 99.0%, 95.6%, and 93.2%, which were higher than those of PCI group (96.9%, 89.6%, and 86.3%; all P < 0.01); freedom from repeat revascularization were 100.0%, 98.6%, and 98.1%, which were also higher than those of PCI group (98.9%, 96.5%, and 95.8%, all P < 0.05). However, CABG group was associated with lower freedom from stoke at 10 years compared to PCI group (94.2% vs. 97.5%, P = 0.0059).
After adjusting confounders by one-to-one PSM, 406 patients were matched from each group. The preoperative baseline characteristics, perioperative lesion variables, and postoperative complications after matching are summarized in Tables 5-7 , respectively. All preoperative variables were well matched between the two groups without statistical significance, except for the percentage of oral diabetic drugs, emergency surgery, history of heart failure, and the degree of carotid artery stenosis. The proportion of each narrowed coronary artery was distinct, thus leading to different interventions. The postoperative levels of blood glucose and ALT were higher in patients undergoing CABG than those in patients undergoing PCI (12.57 ± 3.34 mmol/L vs. 8.70 ± 3.21 mmol/L, P < 0.0001; 42.06 ± 4.40 mmol/L vs. 21.61 ± 3.49 mmol/L, P < 0.0001, respectively). The in-hospital mortality (P = 0.1306) and rates of complications such as stoke (P = 0.6831) and dialysis (P = 0.2888) between CABG and PCI groups were not significantly different. However, the incidences of postoperative MI in PCI patients were significantly higher compared to CABG patients (21.7% vs. 14.8%, P = 0.0112). PCI had an economical advantage over CABG during the hospital care (10,926 ± 7376 US dollars vs. 13,936 ± 4480 US dollars, P < 0.0001).
Outcome variables at follow-up between CABG and PCI groups after PSM are shown in Table 8 . Freedom from MACCEs at 10-year follow-up was higher in CABG patients compared with PCI patients, but no significant difference was observed (93.1% vs. 89.2%, P = 0.0720). Freedom from recurrent MI was significantly higher in CABG patients than those in PCI patients (95.6% vs. 92.5%, P = 0.0260). Moreover, CABG was associated with a higher rate of long-term survival (10-year) than PCI (97.5% vs. 94.6%, P = 0.0403). There was no significant difference in the freedom from stroke at 10-year follow-up between CABG and PCI groups (95.3% vs. 97.3%, P = 0.9385).
The CABG and PCI patients were divided into four subgroups: insulin therapy, STEMI, LVEF ≤50% before surgery, and MVD subgroups. After PSM, no significant difference was observed during the follow-up among paired subgroups (all P > 0.05).
dIscussIon
CAD and DM are two common chronic diseases with high rates of mortality and morbidity, and DM is often accompanied with CAD. [9] DM is a risk factor for CAD individuals that may lead to poor recovery following revascularization in contrast to nondiabetic patients. [10, 11] Currently, the incidence of CAD among young patients has increased significantly, [2] and it also has been proved that young age was another adverse determiner. [12] [13] [14] In the present study, many meaningful results have been obtained. Before propensity score adjustment, differences in baseline characteristics could reflect the serious preoperative status in CABG group, and the higher rate of left main stenosis or MVD was in accordance with the principle that CABG was more beneficial for complicated lesions. [15] The disparate baseline characteristics in our study were similar to the findings about the risk factors for these two therapy strategies: in CABG patients, recent MI, ventricular arrhythmias, dialysis, creatinine levels higher than 200 mmol/L, and chronic obstructive pulmonary disease were independent predictors of MACCE, and LVEF ≤50%, previous CABG, dialysis, and ventricular arrhythmias were associated with higher risk of late mortality. [16] Smoking and high BMI were the risk factors in young patients who underwent PCI. [17] Other significant findings were found after propensity score adjustment. The hospital mortality for CABG in this study was 1.5%, similar to the result reported by other studies, [18, 19] and nonsignificant result between the two groups was observed, which could be acceptable. More CABG patients required intra-aortic balloon pump (IABP) support for recovery because of complicated artery lesion, anesthesia, and surgical strike. IABP is a protective device, which could effectively reduce the incidence of perioperative MI and arrhythmia, especially for patients with left main stenosis and low LVEF. [20] In our study, the percentage of IABP usage in CABG patients was about 10.3%, and almost one-third were used before surgery. It was noted that preventive application should be advocated. For the PCI procedure, the initial cost-effectiveness was obtained due to the smaller number of narrowed arteries, but the follow-up advantage was doubtful as the FREEDOM trial reported.
[21] CABG surgery provided better intermediate-term health status and quality of life than PCI using DES. [22] Another amazing finding was the less aggressive dual anti-platelet treatment in CABG patients on account of only 59.7% taking clopidogrel, which was in conflict to the recommendations by American College of Cardiology. [23] DM patients can gain huge benefits for patency using bilateral internal mammary artery grafts, which was recommended in 2014 European Association for Cardio-Thoracic Surgery guideline. However, the proportion in the present study was lower than previously reported, [19, 24] and this need to be improved, especially for young adults in our department. DES was widely used recently and its proportion was more than 90% in this study, providing favorable outcomes compared with traditional bare metal stent. [25, 26] The long-term outcome could reflect the advantage of the suitable solution selected, and several studies have already shown similar results. The most well-known study was the SYNTAX trial comparing 5-year outcomes between two surgeries in patients with DM, and the results showed that the incidence of MACCEs was higher after PCI than those after CABG at 1 year, 3 years, and 5 years because of the higher revascularization, stroke was higher in patients treated with CABG, and mortality was higher among insulin-treated DM patients undergoing DES than patients with noninsulin-treated DM receiving DES. [19, 24, 27] At 5 years, there was no difference in the composite of all-cause death/stroke/MI (PCI 23.9% vs. CABG 19.1%; P = 0.26) or individual components of all-cause death (PCI 19.5% vs. CABG 12.9%; P = 0.065), stroke (PCI 3.0% vs. CABG 4.7%; P = 0.34), or MI (PCI 9.0% vs. CABG 5.4%; P = 0.20). [27] The Bypass Angioplasty Revascularization Investigation (BARI) study was the first trial summarized in a meta-analysis of 7794 patients, indicating the different mortality rates between CABG and PCI, [28] and demonstrated that CABG was superior over PCI in diabetic patients. [29] Recently, the randomized FREEDOM trial also showed the same findings with BARI trial that CABG was superior to DES for the composite primary end point of death, stroke, and MI at 2 years. [7] The incidence of death (16.3% in the PCI vs. 10.9% in the CABG group, 95% confidence interval [CI]: 1.5-9.2; P = 0.049) and MI (13.9% in the PCI vs. 6.0% in the CABG group, P < 0.001) was increased in the PCI group, while the incidence of stroke was lower in this team (2.4% vs. 5.2%; P = 0.03) at 5 years. [7] The Arterial Revascularization Therapy Study II trial has demonstrated that CABG therapy reduced the incidence of repeat revascularization and overall MACCE, but it did not influence the hard end points, such as death and MI, compared to treatment with SES. [30] The CARDia trial enrolled 510 DM patients with MVD and found that there was no difference in the primary end point between PCI and CABG (26.6% vs. 20.5%; hazard ratio [HR]: 1.34, 95% CI: 0.94-1.93, P = 0.11, respectively) at the 5-year follow-up. However, the rates of repeat revascularization and MI were higher in PCI compared to CABG (21.9% vs. 8.3%; HR = 2.87, 95% CI: 1.74-4.74, P < 0.001; 14% vs. 6.3%, HR = 2.26, 95% CI: 1.25-4.08, P = 0.007, respectively). The stroke rate was numerically higher in the CABG group but with no significant difference (4.3% vs. 3.1%, HR = 0.72, 95% CI: 0.29-1.79, P = 0.48, respectively). [6] This finding was repeated in the recently published ACCF-STS Database Collaboration on the Comparative Effectiveness of Revascularization Strategies (ASCERT) study, in which CABG showed its survival superiority over PCI in all subgroups, particularly beyond 1 year. [31] In the present study, almost all of the clinical results were similar to the trials reported above, except for freedom from MACCEs which was not statistically significant due to the higher prevalence of stroke in CABG group compared with PCI group. This distinction might be attributed to the severe degree of carotid artery stenosis before surgery, and even after PSM, this discrepancy still exists. Furthermore, different from SYNTAX trial, the inferior long-term survival associated with PCI procedure was noted (94.6% vs. 97.5%, P = 0.0403, respectively). Another different finding was about the impact of insulin between CABG and PCI. Several studies have found that insulin therapy could be a risk factor even in patients with type 2 DM, [32] and patients with insulin-treated diabetes could represent a particular high-risk group of patients. [33] However, in this study, no significant difference of immediate-and long-term survival was observed, thus suggesting that insulin was not a crucial factor for surgery selection.
Rare previous studies have evaluated the outcome of CABG or whether CABG was superior to PCI for young adults with DM with regard to racial disparities. Growing evidences suggested that disadvantaged populations like nonwhite patients had higher mortality rates after a wide range of surgical procedures including CABG, [34, 35] which might be the result of low income or limited access to high-quality hospital. Rangrass et al. [36] found that hospital quality significantly contributed to racial disparities in outcomes following CABG surgery. With respect to yellow race, Marui et al. [37] reported that among DM patients with 3-vessel and/or left main disease, CABG was associated with significantly better 5-year outcomes of cardiac death, MI, and any coronary revascularization than PCI, and the cumulative 5-year survival rate in Japan and Western countries was identical. In our observation, this disparity also did not exist in China. The in-hospital mortality or morbidity rates and follow-up outcomes were similar to the white race in adult patients with DM. Both procedures were safety and reliable, thus the decision on choosing the suitable surgery should focus on individual characteristic rather than race imparity. In the recent years, the most remarkable change in China was the higher use of CABG without cardiopulmonary bypass and cardiac arrest (off-pump) and exciting clinical results were reported in more than 90% in our study. To master this technique, each cardiac surgeon needs rigorous training and long learning curve, but this could not take the place of traditional methods, especially for serious or combined disease.
There were several important limitations to the study. First, all data were collected from a single center with a highly sophisticated surgical technique and experienced staff. Nevertheless, data obtained from other cardiac surgical centers were also crucial. Second, due to the retrospective observational study, the possibility of selection bias existed, and the propensity score analysis may not complete the adjustment for these biases. Third, although more than 5-year follow-up results were investigated in our study, partial patients were lost to follow-up, and long-term data need to be evaluated continuously. Finally, the high prevalence of off-pump CABG procedure and DES application may be additional sources of bias in this study.
In conclusion, the in-hospital and long-term follow-up results were both satisfactory for two procedures. In DM patients aged 18-45 years, the cumulative survival rate, and freedom from MI and repeat revascularization for CABG were superior to PCI. However, a better trend to avoid stroke was observed with PCI.
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